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Inspection  of  Commercial  Fertilizers 


This  bulletin  is  a  report  of  the  results  obtained  in  the 
annual  inspection  of  commercial  fertilizers  made  by  the 
State  Department  of  Agriculture  under  the  direction  of  the 
Honorable  Andrew  L.  Felker,  Commissioner  of  Agricul- 
ture. The  State  Inspector,  Mr.  Eugene  D.  Sanborn,  vis- 
ited practically  every  section  of  the  state  and  collected 
samples  of  97  brands. 

The  relatively  smaller  number  of  low  grade  fertilizers 
found  this  year  shows  a  decided  improvement  over  that  of 
last  year.  In  1921  out  of  a  total  of  104  samples  35,  or  over 
33  per  cent.,  of  the  brands  contained  less  than  a  total  of  14 
pounds  of  plant  food  per  100  pounds,  while  in  1922  only 
23  brands  out  of  97,  or  approximately  24  per  cent.,  con- 
tained less  than  14  pounds  of  plant  food  per  100  pounds  of 
fertilizer.  There  is  still  a  chance  for  a  decided  improve- 
ment in  this  regard.  For  instance  in  the  1-8-2  fertilizers 
the  cost  of  nitrogen  per  pound  was  over  four  times  as  great 
as  in  the  5-8-7  brands.  Because  it  costs  just  as  much  to 
mix,  bag  and  ship  a  ton  of  low  grade  as  it  does  a  ton  of  high 
analysis  fertilizer,  the  total  cost  per  pound  of  plant  food  is 
much  cheaper  in  the  high  analysis  goods.  Ask  for  high 
analysis  fertilizer.  Do  you  consider  the  actual  plant  food 
value  of  the  fertilizer  when  you  buy?  The  object  of  the 
folloiving  discussion  is  to  aid  you  in  purchasing  fertilizers. 
READ  IT!  USE  IT  WHEN  YOU  BUY  FERTILIZERS! 
The  following  discussion  of  the  meaning  of  the  analysis 
and  the  methods  of  calculating  relative  values  are  given  to 
aid  you  in  purchasing  fertilizers.  If  you  need  further  help 
write  to  the  Department  of  Agricultural  Chemistry,  the 
New  Hampshire  State  College  Agricultural  Experiment 
Station,  Durham,  N.  H. 
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MEANING  OF  THE  CHEMICAL  ANALYSIS 

Three  of  the  ten  elements  essential  for  plant  growth  are 
most  likely  to  be  lacking  in  suiRcient  available  quantity  for 
best  crop  growth  in  our  usual  soils.  These  are  nitrogen, 
phosphorus  and  potassium.  Sometimes  calcium,  magne- 
sium and  sulphur  may  be  deficient,  but  because  these  de- 
ficiencies have  apparently  not  been  marked  and  widespread, 
our  fertilizer  practices  have  dealt  largely  with  the  applica- 
tion of  nitrogen,  phosphorus  and  potassium.  The  value  of 
commercial  fertilizers  depends,  therefore,  upon  their  avail- 
able content  of  these  three  elements.  For  this  reason  man- 
ufacturers are  required  to  state  upon  their  label  the  guar- 
anteed content  of  these  three  materials. 

Nitrogen.  Pure  nitrogen  is  a  colorless,  odorless,  taste- 
less gas  which  makes  up  about  four-fifths  of  the  air  sur- 
rounding us.  In  this  form,  however,  it  is  not  available  to 
plants  with  the  exception  of  a  few,  such  as  legumes,  which 
are  able  to  get  nitrogen  from  the  air  by  means  of  the  bac- 
teria which  exist  upon  their  roots.  In  order  to  be  available 
for  most  plants  nitrogen  must  be  in  the  form  of  a  compound 
known  as  a  nitrate. 

In  commercial  fertilizers  the  nitrogen  occurs  in  three 
different  forms  as  follows:  (1)  nitrate,  (2)  ammonia  and 
(3)  organic  nitrogen.  The  nitrate  nitrogen  is  readily  sol- 
uble in  water  and  immediately  available  to  the  plant.  The 
ammonia  nitrogen  and  organic  nitrogen  must  be  converted 
into  the  nitrate  form  before  they  are  available  to  the  plant. 
The  ammonia  nitrogen  becomes  available  quite  rapidly  dur- 
ing the  growing  season  and  so  can  be  considered  as  an  avail- 
able form.  Some  types  of  organic  nitrogen  such  as  are  con- 
tained in  dried  blood,  cottonseed  meal,  tankage,  etc.,  are 
also  rapidly  converted  into  nitrate  nitrogen  in  the  soil  and 
made  available  to  the  plant.  Other  types  of  organic  nitro- 
gen like  those  contained  in  hoof,  hair  and  leather  waste, 
however,  are  only  very  slowly  converted  into  nitrate  nitro- 
gen and  are  not  readily  available. 
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Phosphorus   occurs   in   the   various   fertilizer   materials 
principally  as  phosphoric  acid  in  combination  with  calcium 
(lime.)      In  order  to  be  available  to  plants  these  compounds 
of  lime  and  phosphorus  must  be  soluble  or  made  soluble. 
The  amount  of  lime  combined  with  the  phosphoric  acid 
determines    the    solubility;    the    material    containing    the 
smallest  amount  of  lime  is  the  most  soluble.     That  part 
of  the  phosphoric  acid  which  is  readily  soluble  in  water  is 
immediately  available  to  the  plant  during  the  growing  sea- 
son.    This  is  known  as  "water  soluble"  phosphoric  acid. 
A  part  of  the  phosphoric  acid  which  is  insoluble  in  water 
is  soluble  in  a  certain  strength  of  ammonium  citrate  solu- 
tion.    This   is   known   as   "citrate   soluble"   or   "reverted" 
phosphoric  acid.     This  is  also  available  to  the  plant.     In 
the  analysis  the  "available"  phosphoric  acid  includes  the 
"water  soluble"  and  the  "citrate  soluble."     The  insoluble 
may  be  obtained  by  subtracting  the  available  from  the  total 
in  the  tables  of  analyses.     The  "insoluble"  phosphoric  acid 
becomes  available  to  the  plant  only  very  slowly. 

Potassium  occurs  in  commercial  fertilizers  usually  in  the 

form  of  chloride   (muriate)   or  sulphate.     Only  the  water 

soluble    potassium    is    readily    available    to    plants.     The 

analysis,   therefore,    expresses   the   percentage   of   "water 

.  soluble"  potash  (K,0). 

Statement  of  the  Analysis.  There  are  numerous  ways 
of  expressing  the  amounts  of  nitrogen,  phosphoric  acid  and 
potash  contained  in  a  fertilizer.  The  purchaser  should  not 
be  misled  by  these  statements.  For  instance,  if  a  fertilizer 
contains  3  per  cent,  of  nitrogen,  it  may  be  expressed  as 
nitrogen  3  per  cent.,  as  nitrogen  equivalent  to  3.63  per  cent, 
ammonia  or  as  nitrogen  equivalent  to  14.1  per  cent,  of 
ammonium  sulphate.  The  per  cent,  of  nitrogen  is  the 
thing  which  is  important  and  is  the  figure  which  should  be 
used  in  calculating  the  value  of  a  fertilizer.  The  following 
shows  how  to  calculate  the  per  cent,  of  nitrogen  from  the 
per  cent,  of  ammonia  and  vice  versa.  The  nitrogen  per 
€ent.  multiplied  by  1.21584  gives  the  per  cent,  of  ammonia. 
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The  per  cent,  of  ammonia  multiplied  by  0.82247  gives  the 
per  cent,  of  nitrogen.  Do  not  be  misled  by  thinking  that  a 
tag  stating  3.29  per  cent,  of  nitrogen  and  nitrogen  equiva- 
lent to  4  per  cent,  of  ammonia  means  that  the  fertilizer  con- 
tains the  sum  of  these  two.  It  does  not.  It  means  that  the 
fertilizer  contains  3.29  per  cent,  of  nitrogen  only. 

For  convenience,  phosphorus  is  expressed  as  per  cent,  of 
"phosphoric  acid"  or  PoOr,  (Phosphorus  pentoxide).  The 
tag  usually  gives  the  total  per  cent,  of  "phosphoric  acid," 
the  "water  soluble,"  "citrate  soluble"  and  "insoluble."  For 
the  purpose  of  figuring  out  the  value  of  these  we  can  take 
the  sum  of  the  "water  soluble"  and  the  "citrate  soluble"  and 
call  it  available  phosphoric  acid.  The  per  cent,  of  avail- 
able phosphoric  acid  is  the  figure  to  use  in  determining  the 
value  of  the  fertilizer.  Potassium  is  expressed  as  per  cent, 
of  available  K.O  or  potash.  This  is  water  soluble  and 
available  to  the  plant. 

METHOD  OF  CALCULATING  THE   RELATIVE 
COMMERCIAL  VALUE 

Because  of  the  variations  of  prices  during  the  season  and 
the  differences  in  freight  costs,  etc.,  it  is  difficult  to  calculate 
accurately  the  values  of  the  different  brands  of  fertilizer. 
The  commercial  value  of  a  fertilizer  is  based  upon  the  con- 
tent of  available  nitrogen,  phosphoric  acid  (P2O5)  and 
potash  (KoO).  If  we  know  the  guaranteed  analysis  and 
assign  approximate  commercial  values  for  a  pound  of  each 
of  the  plant  foods,  we  can  calculate  the  relative  values  of 
fertilizers. 

The  terms  "unit"  of  nitrogen,  "unit"  of  phosphoric  acid 
and  "unit"  of  potash  are  sometimes  used  to  express  the 
amounts  instead  of  the  per  cent.  The  term  "unit"  means 
20  pounds  per  ton  (2,000  pounds)  or  1  per  cent.  One  unit 
means  1  per  cent,  of  a  ton  or  20  pounds.  A  fertilizer  hav- 
ing 4  per  cent,  of  nitrogen  has  four  units  of  nitrogen  or  80 
pounds  per  ton. 
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Prices  of  Plant  Foods.  It  is  impossible  to  give  accurate 
figures  for  the  cost  of  the  different  plant  foods  because  the 
cost  of  mixing,  bagging,  freight  and  the  manufacturers* 
and  dealers'  profits  vary  with  the  quantity  purchased,  dis- 
tance shipped  and  number  of  persons  through  whose  hands 
the  material  has  passed.  It  is  possible,  however,  to  obtain 
figures  which  are  sufficiently  accurate  for  use  in  comparing 
the  relative  values  of  fertilizers. 

The  average  cost  of  acid  phosphate  containing  16  per 
cent,  of  phosphoric  acid  was  $23.75  per  ton.  One  ton  con- 
tained 0.16  times  2,000  pounds  or  320  pounds  of  available 
phosphoric  acid.  The  cost  per  pound  was  $23.75^-320  or 
approximately  $0,074  and  one  unit  of  available  phosphoric 
acid  cost  20  X  $0,074  or  approximately  $1.48. 

The  average  cost  of  muriate  of  potash  containing  48  per 
cent,  of  water  soluble  potash  was  $65.00  per  ton.  One  ton 
contained  .48  times  2,000  pounds  or  960  pounds  of  potash. 
The  cost  per  pound  was  $65.00^960  or  $0.0675  and  one 
unit  of  water  soluble  potash  cost  20  X  $0.0675  or  $1.35. 

The  average  cost  of  nitrate  of  soda  containing  15  per 
cent,  nitrogen  was  $65.00  per  ton.  One  ton  contained 
0.15x2,000  or  300  pounds  of  nitrogen;  this  made  the  cost 
$65.00-^-300  or  approximately  $0.22  per  pound  and  the 
price  per  unit  20  X  $0.22  or  $4.40.  The  average  cost  of 
tankage  was  $50.00  per  ton  and  it  contained  an  average  of 
5.00  per  cent,  of  nitrogen  and  5.50  per  cent,  available  phos- 
phoric acid.  The  value  of  the  5.50  units  of  phosphoric 
acid  was  5.50  X  $1-48  or  $8.14,  making  the  nitrogen  cost 
$50.00  minus  $8.14  or  $41.86.  The  cost  per  unit  of  nitro- 
gen was  $41.86-;-5.00  or  $8.37  and  the  cost  per  pound  of 
nitrogen  $0,418.  If  we  assume  that  our  complete  fertilizers 
contain  both  forms  of  nitrogen,  we  can  approximate  an 
average  and  use  the  values  of  $0.32  per  pound  and  $6.40 
per  unit  for  nitrogen  of  complete  fertilizers.  These  figures 
will  not  give  the  price  at  which  fertilizers  should  be  sold 
within  the  state,  but  they  can  be  used  to  determine  the  rel- 
ative value  of  the  different  brands  which  may  be  offered 
to  the  purchaser. 


Per   unit 

$6.40 

Per    pound 

$0.32 

1.48 

0.074 

1.35 

0.0675 
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PRICES  OF  PLANT  FOOD  MATERIALS 

Nitrogen 

Phosphoric  acid  (P2O5)  available 

Potash  (K2O)  water  soluble 

Either  the  unit  or  the  pound  method  can  be  used  to  cal- 
culate the  commercial  value  of  the  fertilizer.    If  we  have 
a  fertilizer  with  the  following  guaranteed  analysis: 
Nitrogen  total  3.00% 

Phosphoric  acid  (P2O5)   available  8.00% 

Potash  (K2O)  water  soluble  2.00% 

By  the  unit  method  we  find : 

Nitrogen  3  X  $6.40= $19.20 

Phosphoric   acid   available  8X   1.48=  11.84 

Potash   (K  O)    water  soluble  2X  1.35=     2.70 


Total   commercial  value  $33.74 

By  this  method  we  multiply  the  per  cent,  of  each  plant 
food  by  the  cost  per  unit  and  then  add  these  figures  to  give 
the  total  value. 

Employing  the  pound  method  we  obtain: 

3X20=Number   of   pounds    of   nitrogen    in    a   ton  60  X  $0.32     =$19.20 

8X20=Number  of  pounds  of  phosphoric  acid  in  a  ton  160X   0.074  =  11.84 

2X20=Number  of  pounds  of  potash  water  soluble  in  a  ton  40X  0.0675=     2.70 


Total  commercial  value  $33.74 

The  per  cent,  means  the  number  of  pounds  in  100  pounds. 
Since  there  are  twenty  hundred  pounds  in  a  ton  we  mul- 
tiply the  per  cent,  by  twenty  to  find  the  number  of  pounds 
of  each  plant  food  in  a  ton.  Then  by  knowing  the  value 
of  these  per  pound,  we  can  figure  the  value  of  each  plant 
food  per  ton. 

BUY  HIGH  ANALYSIS  FERTILIZERS 

The  content  of  available  nitrogen,  phosphoric  acid  (PaOg) 
and  potash  (K2O)  determines  the  value  of  a  commercial 
fertilizer.  Because  it  costs  just  as  much  to  mix,  bag  and 
to  ship  a  ton  of  low  grade  fertilizer  as  it  does  a  ton  of  high 
grade  fertilizer,  the  cost  of  the  same  amount  of  plant  food 
must  be  much  higher  in  the  low  grade  fertilizer. 

The  average  cost  of  a  1-8-2  fertilizer  the  past  season  was 
$45.50  and  the  average  analysis  0.97  per  cent,  nitrogen. 
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8.11  per  cent,  available  phosphoric  acid  and  2.49  per  cent, 
available  potash.  The  value  of  the  8.11  units  of  phosphoric 
acid  was  8.11  X  $1.48  or  $12.00.  The  value  of  the  2.49 
units  of  potash  was  2.49  X  $1-35  or  $3.36.  The  value  of 
the  available  phosphoric  acid  and  potash  was  $12.00  plus 
$3.36  or  $15.36  and  the  nitrogen  cost  $45.50  minus  $15.36 
or  $30.14.  The  average  content  of  nitrogen  was  0.97  per 
cent.  One  ton  then  contained  0.0097x2000  or  19.4  pounds 
of  nitrogen.  The  cost  per  pound  of  nitrogen  was  $30.14 
-^19.4  or  $1.55  and  the  cost  per  unit  was  20  X  $1.55  or 
$31.00.  On  the  same  basis  the  average  cost  per  unit  of 
nitrogen  in  the  5-8-7  fertilizer  was  $7.61  or  approximately 
one-fourth  as  much.  It  'pays  to  compare  the  relative  values 
vjhen  purchasing  fertilizer.  The  high  analysis  fertilisers 
furnish  the  plant  food  at  a  lotver  cost  than  the  loiv  analysis 
goods.  Table  No.  1  gives  the  cost  of  nitrogen  in  the  dif- 
ferent brands  of  complete  fertilizers  and  sheep  manures 
analyzed  during  the  past  season. 

TABLE  NO.  I 

Relative  Cost  of  Nitrogen  in  the  Various  Complete  Fertil- 
izers and  Sheep  Manures 


Number  of  lbs. 

of  plant  food 

Average  cost  of 

Average  cost  of 

Average 

per  100  lbs. 

one  pound  of 

one  unit  of 

retail  price 

Formula 

of  fertilizer 

nitrogen 

nitrogen 

per  ton 

1—8—2 

11 

$1.55 

$31.00 

$45.50 

2—8—2 

12 

0.92 

18.39 

45.14 

2—8—3 

13 

0.88 

17.52 

46.43 

2—8—4 

14 

0.69 

13.89 

46.00 

3—8—3 

14 

0.60 

12.00 

46.50 

3—9—2 

14 

0.71 

14.26 

51.00 

2—10—3 

15 

0.68 

13.51 

45.00 

3—8—4 

15 

0.69 

13.87 

53.80 

2—8—6 

16 

0.86 

17.24 

50.00 

2—10—4 

16 

0.84 

16.79 

49.00 

4—8 — 4 

16 

0.47 

9.38 

48.85 

6—6—4 

16 

0.43 

8.66 

57.50 

3—8—6 

17 

0.60 

12.04 

53.00 

4—8—5 

17 

0.42 

8.48 

50.00 

5—8—4 

17 

0.38 

7.61 

53.00 

4—8—6 

18 

0.54 

10.77 

56.00 

3—6—10 

19 

0.70 

14.03 

55.00 

4 8 7 

19 

0.46 

9.23 

47.50 

6—8—5 

19 

0.48 

9.69 

67.00 

2—8—10 

20 

0.60 

12.02 

48.00 

4—6—10 

20 

0.52 

10.36 

57.66 

5—8—7 

20 

0.38 

7.61 

53.00 

10—3—8 

21 

0.31 

6.28 

71.00 

Sheep   Manure 

1.55 

31.00 

56.25 
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CLASSIFICATION  OF  SAMPLES  ANALYZED 

Table  Number  II  gives  the  number  of  samples  collected 
and  analyzed  in  each  of  the  respective  classes. 

TABLE  NO.  II 

Complete  Fertilizer  71 

Ammoniated  Superphosphate  1 

Plain  Superphosphate  6 

Phosphate  and  Potash  2 

Sheep  Manure  5 

Ground  Bone  4 

Nitrate  of  Soda  3 

Muriate  of  Potash  2 

Tankage  2 
Sulphate  of  Ammonia  1 


Total  97 

COMPLETE  FERTILIZERS 

Table  No.  Ill  shows  the  average  analysis  and  retail  prices 
for  the  brands  of  complete  fertilizers  analyzed.  There 
w^ere  seventy-one  samples  of  complete  fertilizers  represent- 
ing about  the  same  proportion  of  the  total  number  as  in 
1921.  There  were  a  smaller  per  cent,  of  the  low  analysis 
and  a  few  of  the  higher  analysis  brands  than  in  1921. 


10 


N.   H.  AGR.  EXPERIMENT  STATION       [Bulletin  206 

TABLE  NO.  Ill 


Average 

Average 

Average 

per  cent,  of 

per  cent,  of 

per  cent,  of 

Number 

Average 

total 

available 

water 

Average 

of 

per  cent,  of 

phosphoric 

phosphoric 

soluble 

price 

Formula 

brands 

nitrogen 

acid 

acid 

potash 

per  ton 

1—8—2 

2 

0.97 

9.63 

8.11 

2.49 

$45.50 

2—8—2 

14 

1.69 

9.74 

7.42 

2.28 

45.14 

2—8—3 

7 

1.73 

9.72 

7.99 

3.18 

46.43 

2—8—4 

1 

2.08 

10.88 

8.00 

4.41 

46.00 

2—8—6 

2 

1.74 

9.23 

8.04 

6.00 

BO.OO 

2—8—10 

1 

1.88 

9.00 

8.04 

10.00 

48.00 

2—10—8 

1 

2.03 

17.58 

8.66 

3.52 

45.00 

2—10—4 

1 

1.64 

12.56 

10.85 

4.00 

49.00 

2—10—6 

1 

1.78 

11.24 

10.41 

6.00 

3—6—10 

2 

2.28 

7.30 

6.24 

10.19 

65.00 

3—8—3 

2 

2.47 

9.84 

8.58 

3.07 

46.50 

3—8—4 

5 

2.57 

10.10 

8.46 

4.17 

53.80 

3—8—6 

2 

2.66 

10.48 

8.59 

6.12 

53.00 

3—9—2 

2 

2.47 

10.21 

8.61 

2.25 

51.00 

4—6—10 

7 

8.36 

7.63 

6.13 

10.19 

57.66 

4—7—2 

1 

3.35 

10.54 

8.59 

2.07 

80.00 

4—8 — 1 

8 

8.43 

9.77 

8.19 

4.11 

49.85 

4—8     5 

1 

8.63 

16.64 

8.42 

6.00 

60.00 

4—8—6 

1 

S.36 

9.96 

7.79 

6.13 

66.00 

4—8—7 

2 

2.97 

9.22 

7.83 

6.28 

47.50 

5—8—4 

1 

3.91 

10.06 

7.45 

4.63 

63.00 

5—8—7 

2 

4.10 

9.61 

7.83 

7.54 

63.00 

6—6—4 

3 

4.92 

8.09 

6.16 

4.25 

57.60 

6—8—5 

1 

6.00 

11.08 

7.64 

5.35 

67.00 

10—8—8 

1 

8.22 

8.66 

5.46 

8.34 

71.00 

The  wide  range  of  prices  shows  the  necessity  of  selecting 
fertilizers  carefully  in  order  to  obtain  the  most  plant  food 
for  the  dollar. 

ACIDULATED  PHOSPHATES 

Six  brands  of  acid  phosphates  were  analyzed  which  show- 
ed from  15.59  to  16.87  per  cent,  available  phosphoric  acid. 
The  price  ranged  from  $22.00  to  $35.00  per  ton.  This  wide 
range  in  prices  again  emphasizes  the  need  of  careful  selec- 
tion in  buying  fertilizers. 

SHEEP  MANURE  TOO  EXPENSIVE 

Five  brands  of  sheep  manures  were  analyzed  which  aver- 
aged 1.67  per  cent,  nitrogen,  1.18  per  cent,  phosphoric  acid 
and  2.08  per  cent,  potash.  The  price  ranged  from  $50.00 
to  $65.00  per  ton,  averaging  $56.25.     Figuring  their  value 
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on  the  basis  of  the  cost  of  phosphoric  acid  at  $1.48  per 
unit,  potash  at  $1.35  per  unit  and  nitrogen  at  $6.40  per  unit 
we  find  the  average  value  of  these  sheep  manures  to  be 
$15.24  per  ton.  Their  cost  was  nearly  four  times  their 
commercial  value. 

DEFICIENCIES  IN  ANALYSIS 

Twenty-two  brands  out  of  97  analyzed  or  22.6%  showed 
a  deficiency  of  0.2  per  cent,  or  more  in  one  or  more  of  the 
plant  foods,  nitrogen,  phosphoric  acid  and  potash.  In  1921 
forty-one  per  cent,  of  the  samples  showed  deficiencies. 
There  is  a  decided  improvement  this  year  but  it  still  indi- 
cates a  serious  loss  to  the  farmer  using  the  brands  which 
showed  these  deficiencies. 

ANALYSES  OF  BRANDS 

The  following  table  shows  the  detailed  results  of  the 
analyses  of  the  different  brands.  In  the  table  the  names 
of  the  manufacturers  are  arranged  alphabetically  and 
under  the  name  of  each  manufacturer  the  different  brands 
are  arranged  alphabetically. 


12 


N.  H.  AGR.  EXPERIMENT  STATION      [Bulletin  206 


I 


punoj 


paa^uBJBno 


a 

> 
< 

punoj 

e 

o 

s 

-uBJBno 

o 

X 

•/I 

o 
X 

s 

^ 

punoj 

0. 

-UBJBno 

puno^ 


pae^uBJBno 


'  O  CO  CO  00   •  00  N  -- iM  CO   -^ 
'  O  W  t-t  CO   ■  1-4  «  CO  CD  00   •  I-* 


C- "'1' W  N -^  CO  "^  <N  O  "^  N  •COC^I'^00  •  00  CM  N  00  N 


ooooooooooo 

ooooooooooo 


•  oo  o  o 

•  o  o  o  o 


•  o 


C- ■<*  NCM  ^  00  "^C^  O  ^  W      'COCM-^OO      •COCMNCOCM 


O-^COWi^OOOt-CSCOCiCOlOOOO 
OOiC'^'— 'Oi— (COOcOOt— ooo 


O0COt-00000000C»COCOCMlCQO0000 


•  oooocooox 


ooooooooooooooo 
ooooooooooooooo 


OOCOOOOOXOOOOaiCOCOiMCOOOOOX 


*  OC  00  M  X  00 


TrooooocococOL':cot>QOOcocM 

T5«  r-1  N'OS  ascOOOlOL-t-OCsCiO 


■  O  -nf  CO  X  M  O  Cv] 
•  CO  CO  Ol  ^  CO  1^3  -^ 


CSt^OOSOSCiOOit-XOOXCiOiO 


ooooooooooooooo 
ooooooooooooooo 


.  O  O  O  O  O  X  o- 

.  o  oo  o  o  xo 


tJSt-05050^CSdOt-C-COt-C5GS05 


i-HXuOCOCOXt-t-tM'^ 
?Ht-«0'-<cCtr--^'^C0O 


-  oco  o 

•  t-  IfS  CO 


>OXirtiniiatr-COO 
'  CM  t-  CD  CO  CO  t-  rr  CO 


■•itTj'rHrHOOiHCMGMCO'^ 


•  tH  i-H  CO      •  UD  T-4  i-H  rH  fH  rH  CM  1-t 


r-t01C0XC<lCDTr-«3'CMCi 


■  lf5  1/5  05 

.  coco  c^ 


■  O  i^  L'S  LO'  m  VO  CO  »^ 

•  OCOCOCOCOCDOCO 


'^■^f-HOCOiHWCMCO'^ 


■  l.Ot— '•— •!— •'Hr-ICM'-H 


z 

< 

o 

u 

§^ 

^'^ 

a 
o 

<; 

2 

<: 

o 


j;  o 


o 

o 


p  a 

•one  p.'is 
o  g  o  c  o 

m  .^  .cfl  .^  tfl 

QJ    H     QJ    0)     CJ 

T3  "O  '^  'O  "^ 
c4  c4  c^  CS  A 
;^  ;^  ^  u  b 


^ 


c 

•43  Hc^ 


S5  £. 


"Q 


liS 


'^ 

25I 

a) 

C       t!T3 

-^ 

c 

ns  , 

C 

cS 

0   OlJ   »3 

►JO 

0 

'^'o'S 

0 

m  cfl  t/: 

0) 

c  c  S 

u 

OJ    OJ    OJ 


a   SS 


n  m  M 

O  ^  ^ 

CQcaoaouu 


13  'n  'O 
C3  ti  c^ 

l^  l<  :-< 


O  CO 

.55.1 
K-5 


S  3 
3"  o 

!-'    S    * 
0)    «  •« 

*^  c  h 

m  O  3 


rtCH 


o 


03 

3   O 
cSCh 


W 


Is 


5«5 

■-so! 


-=      "^  c  ^ 
'3  P  S 

O    O    CS   !-    W 

.-."  (u-3  s 
c  C3.2  s 

3  33   P.T 


October,  1922]     fertilizer  inspection,  1922 


13 


1-4 

•O  0.-1  05  O      • 

•  O  O  -^  rH  lA      • 

•  too  W*  N     • 

O 

o 

•  oo  o  o  o    ■ 

•  Q  OO  OIO     • 

■<1> 

•  axsoi-vsi    • 

<oa>  oo 
Ml  ooeo 


■>t<>aMOTiMTi>'<a'OTi' 


ooooooooo 
ooooooooo 


o 
o 


TfNMMN'^TjO'^ 


o  o  oo 
ooo  o 


(MCCO  t- 


00  in  o  looo  00 


OOOOtO-^iHCSUSOCC 
CC<MOOO00»ONO00 


«COOOOOOOOl>t:-OOOlO 


o 

00 


t-H  C-  O  lO 


00  t-  00  c- 


oo  oo  o  o 

c  o  o  o  c;  o 


00  O  O  O  X  00 


OOOOOOOOOO 

oooooooooo 


oooooosoooooooococo 


o  o  oo 
o  o  oo 


m  CO  -^  »-*  00  o  o 
-^  to  (M  t^  C^  00  CO 


o>  ?0  *H  t^  X  O  T-t 


O  :0  CO  «D  O  L^  t^  t—  O  •-( 
lOfMOTOrHTPOOlO'^ 


oooooo  ooot^oo 


o  o  o  o  o  o  o 
lO  ui  »o  la  ic  ic  o 


00  «0  O  O  00  00  rH 


oooooooooo 

OOOOOOOOOO 


t^wSOOC^OiOiOSt^t^ 


o  o  oo 

COCO 


CO    •  00  o  ic  CO  CO  m 
(o    .  t-  c^a  «o  o  eg  «D 


•  rH  CO  rH  CO  rH  m 


t-mc^<-5(MrHXeo<:o 

TJ^O-^OOOOCOCOCOO 


^  LO  00  N 

o  io  ooo 


C^i-tWrHCCOCCCOl-0 


•  in  O  IC  O  CO  rH 
■  O  eg  O  N<N  00 


eg   .  rH  CO  rH  CO  f-t  -^ 


■  oicc^incgo^oica^ 

•  Tj'M-'j'oooc^egego 


•  o^r^cgrHOcococo-^ 


b:  P 

(JH    I. 

go 
© 

< 


c 

o 

b:  . 

S  " 

N  HI 

05  . 

w  c 

OS  9 


■t!T3  'c5 

<  o 
rH<;o 


%^ 

^  oi  ti 
S      O 

=  52 
KohW 


<<<;<<<<;  2; 


^ui  w  ^tf3  yi  jja  jn 

*i-  't-     Jh     fc-     Sh     ^ 

OJ   0*    OJ    CJ   0)   OJ 

^^^^^^ 
is  ?  &  g  5  5 

o  o  o  o  o  o 

nnpqnpgn 


0) 


3 
S 

01    Bi 

S  rt  be 

■a  5  C  " 
« JJ       I. 

u  *  o  o 

t^  ^  <y  o 
be  t£  fc£ 
r^  T3  ^3  'C 

u  o  o  « 
rt  O  Q  o 
J^  +j  +S  +j 

gWWW 


tc 


to 
Z 

o 
W 

a 
a: 

03  m 
o 

KM 

o 


c 
n 

CIS 


CIS 


3 
C 

S 

a 

CO 


2 

< 
0. 

S 
o 
o 

S   - 

Q  O 
Z  3 

u 
z 

!j 
o: 


!-  S  ii  >- 

U  N  S  iJ 


t-    m    ^    ^^ 
fr,^fe&H 


00  Op 
I      I 


ob< 


eg" 


C  C  C  C 

53SS 

to  M  M  tn 

.5.S.S.S 

1^  T- 1^  7h 

3   3  3  3 

cQCQnn 


14 


N.  H.  AGR.  EXPERIMENT  STATION      [Bulletin  206 


n 

01 

< 

O 

a. 


pano^ 


paajnBJBnj) 


•  oc-«o 

•CJOCVI 


to 


9 
o 

< 


a 
o 

a 

m 

o 


> 

< 


ptmo^j 


punoj 


o 


puno^ 


to 


t-ooooo 

OOi-H  1-IOO 


CO  ooooooo 


•  o 

■  o 

,  to 


ooo  oo 
ooo  oo 


to  00 00 ooo 


C5 


O  (N 


CO 


to  O  lO  -^  o 

CO  rH  N  ■<3<  W 

tr-OOOSi-l 


o 


o 
o 


o 
o 


CO 

I 


paa^uBJBtij) 


to 

•05 

•  to  rH  O  i-t 

l-( 

lO 

•lO 

CI 

•  r1  03  00  CO 

o 
o 


5- 

< 
a. 

o 
e; 

N 

d~' 
b: 
n  bo 

g 

P^ 

o 
o 

< 
o 

K 
O 


S-i 

m 


^ 

rt 


3 
C 

a 

CO 


o 
o 

a 
Z 

5  • 
a  "> 

|§ 
«  . 
H  m 

13 
o 

03 
Z 

o 
O 


c 

«^. 

O  o 

zg 

Km 
1-5 


a 

c, 

>  to 
)   O 


e8<  o 

5  " 
H  ca  o 

3J3g 


c 
o 

CQ 
-3 

c 

3 

p 

3 


o 
Q 


•  lO  <75  03  05 

•  tONN  IM 

•  rH  CO  CO  CO 

a  

z         

■<         

B       ;  :  :  :  : 

o  

X  

w  _     :  :  :  ;  : 

^05  

gS     :  :  :  :  : 
Mg     :  •  :  :  : 

^2     :  :  :  :  : 

c^tS     :  :  :  :  : 

7j  M    4,  :  :  :  • 

5  ■>-     5  t,  I.  t.  0) 

2ft      -5  O  «  O  M 

, « cw      ft  N  M  N  ::n 

M   ■'      m  s  —  S  •- 

0^3:3  v 

2^  4J  +J  +j  fc^ 
r"  fc,  fc,  fc.  a< 
OS  Ph  oi  a)  aiCu 

a         ^fafefa'^ 
w         3  o 

w        <\\    \i 

J.  00  00  00  rH 

f  M  I  I 

J5  w  "^  -^  -^ 

rn    CO    93    en    A 

a,  53  ID  0)  0) 
^  +J  +J  +J  +J 

C  C  C  C  C 

:h  ;-i  It  j^  ;-i 

q;    a)    i;    aj    Qj 
^J  4->  4-1  -l-}  -M 

M  »  CO  ya  M 

CQ    C4    A    ^    CQ 


October,  1922]     fertilizer  inspection,  1922 


15 


o  o  oo 
o  o  w  to 

N  WTfO 

•rHOl  OOrf 
..^.Tf  OON 

•NO-VOOtO 

O  t- CC  C^.  00  O  t-CC  O  t-      - 
Oi-ICC  to  rH  M  OiHOO      • 

©  -N  • 
O     -lO     • 

CO  O  O  t- Tf  N  N  CO  ■<»  W     . 

1-H  l-( 

lO     -03     • 

o  oo  o 
o  o  o  o 

eq  CO."*  o 

•OO  O  OO 

•  ooo  o  o 

•  N  O  .*00  to 

COOOOOOOOO     • 

oooooooooo    • 
to  o  o  t- •«*•  N  cq  CO -fli  eo    • 

5.00 

'3'66 

toooooo 
CO  CC  c-  o 

00  00  00  ID 

»H  o  Ir-  ic  C<I  00 
NO  t- 00  C-  to 

tooo  too  O  00 

1-1               1-1  iH 

0-.  KOOCDCOOOVOtOlO      ■ 
Cq  eq  rH  CO  »n  O  lO  t- t- o     . 

00  to  to  t- 00  00  00  t- 00  00     . 

NM  coo 
■VC-  CO  N 

OOOIOOIO 

oooo 
oooo 

00  00  00  to 

OOOOO  O 
OOOOOO 

toootooooo 

rH              t-l  fH 

oooooooooo    • 
oooooooooo    • 

ootocooooooot-oooooo'    ■ 

oooo 
oooo 

00U3O00 

00  to  CO  Uti 
05  03  o"  C- 

eq.^  in  CO  00  to 

to  rr  to  lO  •"»  to 
t-iH  C-lMrH03 

00  00  (N  03  N  ■"!'  ■"*  to  O  O      • 
CON  C- C*  coo  IrtO^OS  f-»      . 

O)  t..  t—  C3  O  02  o  o  cs  c^     . 

1-1         r-l 

■cj*  O  OOO 

CO  m  o  Tf 
coin  t- CO 

.HN  tHt-I 

oooo 

oooo 

oo  OOO  o 
oo  oo  O  o 

C*  O  t- »H  1-)  Oi 

oooooooooo    ■ 
oooooooooo    • 

O  -o  • 
o    -o    • 

osc-c-ooia-.oooscsoj    • 

Ift  to  CC  00 
O^  .^  to  CI 

rH(NINeO 

•  0.-I  .»•     -M 

•  to  M  to     -co 

•  rt  CO>H      •  N 

lOUMr-OW.-IUOtOi-HO'^ 
CONCOpHCOOOCOCOtOli^OO 

eoivj  eoc- 

CO  OOOOO 

i-lCgCOTfNFHOICOCOr-IO 

eocjeqio 

Tt  to  CO  00 
to  -^  •**  N 

•OOO     .  O 
•  COM  to     .  lO 

.rt  COiH     -N 

'J' to  OOO  to-*  00  oooo  ■fl'O 
cotreg.-i'3'cocvjNegcoio 

oo-wio 

NO  tOC- 

i-(Nco-"*carHeocoeoi-io 

MN  iHUS 

o 
O 

^  <^ 

B>  00 

N  C3 

ss 

am 

in 
to 

W 


"I 

p,5  ffl 

O  <u  <u 
u  MS 

« >s 

_  =«  t,  bo 
C  1,  O  0) 

tH  N  £;  o 

i<      o 
ea  .ii  *j  ^ 

X  X  X  X 

dj  0)  a;  0) 

to  c/3  »  en 

to  to  m  CO  • 


2 

o 

< 
as 

© 

OS 

o 
o 

J    . 

<    U3 

§1 

gg 

< 

z 

o 

z 

OS 

S) 
H 

z 


N 


.2  to  -^ 
(u  o  ca  OS 

Q)  rt  rt  CS 

iS  O  tiO  ?^  O  M 
^  c4  ca  c^  ca  ca 

te  iti  se  te  t:  te 

3  3   3   3   3   3 

nnmmcqm 


o 
O 

a:   . 
Ed  tn 

as 

b:   . 
u  c 

T     O 

an 

o 


.5 


a) 
tfi  tc 

O  > 

4-* 

o  c 

ftCS 


§5 

la 

be 
*  ? 

bo  t, 
...  o 


01 

■23  g 

■=g2 

a  O  c8 


CU 

Ih    ^ 

p      +J 

^  5   01 

s     -a 


.a 

!« 

+^ 

0) 

CO 

as 

£  ^ 

O    CO 

V 


-tj  01-;: 


z 

<: 

o 
u 

OS 
a    - 

«l 

«c 

MS 


K    5 


Z 


13 
B 
c« 


o 


d,' 


s 

IM  C^  CO  TJ.  CO  ,5 
I      I      I      I       I      I      I      I  I 

TTTTTTTTTT* 

00000000003 


ci!  q  c3  2 

.-  o  oj  is 
<iOwH 


CA  CO  CQ   n 

01  v  01  a; 
J3.C.fi.J3 
u  o  o  o 
C  C  [3  C 

c4  ^  c9  c8 


16 


N.  H.  AGR.  EXPERIMENT  STATION      [Bulletin  206 


I 


s 

punoj 

rn 

< 

o 

paa^uBJBno 

0) 
Si 

punoj 

rt 

n 

<& 

> 

< 

pas* 

-UBJBna 

e£ 

punoj 


-UBJBno 


punoj[ 


paaiuBJBno 


00 

la  Oi  r-i  o  o  to  CO 

—1  O  CM  oo  O  to 
CO  N  O  to  O  ■q' TJi 

to 

1-H 

00 

O  Tf  ,-1 
O  CO  -^ 

•  lO 

•  CO 

CO 

to  00-* 

•lO 

•_ 

o  o  ooo  o  o 
o  oooo  o  o 

CO  (M  O  to  O  -^  T). 

o 
o 

CO 

o 
o 

6.00 
8.00 
4.00 

.  o 
•  o 

* 

00  CO  to  o  la  o  lo 

C-  TT  O  00  .-^  O  -"J" 

00  c- to  c- to  00  c- 

o 

00 

CO 

1-* 

—I  to  o 
la  -^  o 

■  to 

; 

00  moo 

.  c- 

ooo  oo  o  o 
ooo  oo  oo 

in 

IS 

ooo 
ooo 

.  o 

.o 

00  00  to  00  to  00  00 


•^  C^  W  00  -^  t^  to 
o  1-1  CO  t-  to  c;  o 


o  C5 1>  00  t>  o  o 


o  oo  oo  oo 
ooo  o  o  oo 


Ci  05  t>  Oi  l>  05  CS 


us 


O  to  00  00  00 
CO  to  00  C^4  O 


T-i  00  O  to  »-< 


o  o  o  o  o 
o  <^  o  to  o 


ooo  Ciioo. 

tH  CI  I-- 


Ci  !-<  *M  CO  X  rH  1-H 

■tr  o  CO  00  cj  -^  c- 


M  N  W  1-1  CO  CO  CO 


o 
eg 


C:  M  CO  "»  C 
to  W  O  C^J  o 


oj  00  ffg  Tf  lO 


iO  ■*  to  "*  00  00  o 

■>*  to  ■«*  to  (M  evi  —1 


eg  rH  eg  »-^  CO  CO  ■<1' 


to  ej  •*  o  o 

•*  M  to  O  O 


ej  00  rH  -^  lO 


a. 

Hi 
O  3 
o  " 

Cl3  NH 


e 

Ed 
N 


2      5 


a:  tti 

g  1= 

Z  o 


"O  eg 
C  I 
«ol 


J3 

be 
>  c< 

o 


■w    01  J2    H 


0> 

oi    .    - 

*■     3,   S-i  •"■ 

t  m  o  « 


oi"o 


01  J2   H 

aj*5  0) 
>^  y  fct 

c     — 

0* 

■B2| 


2 

< 

o 

o 

b: 
Id    . 

Q  C 
Z  eS 

U 
B  OS 

zw 


B 


o 


3  = 
Zm 

<    . 

§.2 

So 

> 


c 
O    . 

m 

Z  i 


c 


w 


■j'fooa) 


3 

o 


QO    !_,  CD  00 

eo  ^  CO  ei      -"T  "^ 

'X3  "^  -O  "^  "^  "CO 

a  c  c  c  S  c  c 

M  sj  it's  tf  M  tc 

c  c  g  c  c  c  c 

?  &  S  &  &  &  ^ 

QJ  li    SJ    D  O   D   O 


3 
C 
nl 


01 


c 

n 


o.S 


=  0) 

3 


o 


O  =5  O   3  o 
OO(1<0hW 


.'iiwiii 


mmm 


.mmf 


^iii 


